Superior control of guiding properties in photonic-crystal fibers led to several interesting applications in optical communications ranging from nonlinear optical signal processing to high-power fiber amplifiers. This paper will review recent developments and discuss the future possibilities.
Summary:
Over the past decade, a tremendous development has taken place within the area of optical components having a full or partly periodic structure incorporated. Such artificial optical materials are often called photonic crystals, because they form an optical equivalent to the electronic crystals in semiconductors, and they appear both as key elements in novel optical fibres and in integrated optical devices. The most mature class of components are the optical fibres (often named photonic crystal fibres, microstructured fibres, or holey fibres). This new class of optical waveguides is characterized by a carefully engineered cross-section of glass (or polymer) riddled with a pattern of miniature holes. Introducing these micron-scale air-glass structures gives the fibre a wide range of unique optical properties, including novel light-guiding mechanisms, and enhanced nonlinearity [1] [2] . The field of integrated optical waveguides may also benefit strongly from the development of this technology, and we may envision that scientific progress over the next decade will lead to several orders of magnitude improvement in the amount of possible optical components on an integrated optical chip.
The use of microstructures in optical fibres have opened new developments in various areas of fiber applications, and it is interesting that each of these areas actually takes advantage of different aspects of the enhanced physical performance enabled by the location of microstructures in the fibers. One of the highly interesting possibilities of the photonic crystal fibers lies in the ability to confine light in a very small cross section area through the use of high index contrast between holes and glass. This is used in the so-called highly nonlinear photonic crystal fibers HNL-PCFs [2] . The opposite possibility is explored in the case of socalled large-mode-area photonic crystal fibers, LMA-PCFs, which moves the nonlinear limitations to higher power levels by spreading of light to larger areas than possible in conventional fibers.
The possibility of microstructuring does, however, hold further interesting possibilities, and one is to obtain very high numerical apertures. When these possibilities are combined in an optimal manner, one of the most promising applications of photonic crystal fibers appears in the rapidly developing area of compact highpower doped PCF fiber lasers and amplifiers [3] . These may have primary applications in areas such a highpower laser-based material processing and biomedical applications, but will also find unique applications within optical communications, including, for example, broadband video distribution in the cable TV's hybrid-fiber-coax (HFC) networks or free-space optical communications.
In future optical networks one of the enabling technologies is tunable component elements or subsystem modules including reconfigurable routers, switches etc. Thus, the development of a technology platform that allows construction of tuning components is critical. Lately, photonic bandgap fibers, filled with liquid crystals, have proven to be candidates for such a platform. Photonic bandgap fibers offer unique wave-guiding properties that are strongly related to the design of the air holes in the cladding of the fiber. These wave-guiding properties may be altered by filling the air holes with a material, for example a liquid crystal that changes optical properties when subjected to, for example, an optical or an electrical field [4] . The utilization of these two basic properties allows design of tuneable optical devices for reconfigurable optical networks. In this presentation, we will focus on applications of such devices and discuss recent results.
Among the very interesting topics within the research on photonic crystal fibers are the possibilities for tailoring the waveguide dispersion in these devices. This is already used in the design of dispersion controlled highly nonlinear PCFs [2] . Several applications of these dispersion-flattened high-nonlinearity photonic crystal fibers for optical communications have been demonstrated in nonlinear optical signal processing, including wideband tunable wavelength conversion, nonlinear signal conditioning and reshaping, optical signal regeneration, ultrashort optical pulse compression, etc. [5] [6] [7] [8] .
With the design flexibility and the ability to tailor the dispersion properties of these microstructured PCFs it may also be envisioned that better and more efficient dispersion compensating elements can be developed through the use of very high dispersion values obtainable in PCFs. Such PCF based DCF (dispersion compensating fiber) or DCM (dispersion-compensating module) may replace the current DCFs in future highcapacity DWDM systems for long-haul and metro networks.
One question is whether the transmission loss of the PCFs can be as low as current silica SMF so they can be used as the basic long-distance optical signal transmission medium. The recent research results indicated loss as low as 0.3 dB/km has been achieved and wideband DWDM system experiment has been demonstrated [9] , so the potential for using PCF for telecom-level transmission seems to be there. However, given the fact that current worldwide fiber networks used SMF of various varieties and were already well built and installed (and with much over-capacity at the present), even if PCFs can achieve very low loss transmission, their use as transmission medium will most likely be only for special niche applications [9] , but not in any significant scale. On the other hand, recent research results indicated that using hole-assisted structured, "holey fibers" with much more bending tolerance (low loss even at a very small bending radius) have been developed and deployed in NTT's FTTH network to alleviate the FTTH fiber cable installation problems at home [10] . This talk will review these and other PCF applications in optical communications and discuss what may be in the future.
